Introduction
In Asian countries, including China, most epidemics of human immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS) have stabilized. In 2011, the estimated prevalence of HIV infection in China was 0.058%, a rate similar to or lower than that observed in neighbouring countries. Furthermore, an estimated 780 000 people were living with HIV/AIDS and 28.4% of them were thought to have been infected by injecting illicit drugs.
1 China now has the world's largest number of people who inject illicit drugs 2 and it is well known that the country's epidemic of HIV infection originated in and spread rapidly in this group because of unsafe practices, such as sharing needles. [2] [3] [4] The epidemic soon spread through commercial plasma donation, sexual contact and mother-to-child transmission. 3 In response, since 2004 the Chinese government has implemented comprehensive strategies for treating both HIV infection and drug dependence involving, respectively, a National Free Antiretroviral Treatment Programme and a National Methadone Maintenance Treatment Programme.
1,5-7 The National Free Antiretroviral Treatment Programme (NFATP) operates in a variety of settings, including infectious disease hospitals, general hospitals and local clinics run by the Chinese Center for Disease Control and Prevention. By April 2012, the programme had provided antiretroviral therapy (ART) to a total of 166 371 HIV-positive (HIV+) patients. 8 Already, the 10-year-old programme is seeing some success: mortality rates and viral loads have decreased more among enrolled patients than among those not undergoing treatment. [9] [10] [11] [12] Similarly, the National Methadone Maintenance Treatment Programme has reduced drug dependence and involvement in drug-related crime among clients, increased the employment rate and improved social functioning. 6 This programme has helped 357 586 opioid-dependent individuals since 2004; 8 it is, in fact, the largest network for methadone maintenance treatment in the world. 13 In China and globally, the introduction of ART has dramatically reduced AIDS-related mortality and the rate at which HIV+ patients progress to AIDS. However, in low-and middle-income countries, the proportion of HIV+ people injecting illicit drugs who receive ART is often disproportionally low.
14 For example, people who inject illicit drugs account for an estimated 28.4% of all HIV+ individuals in China, but only 15.5% of ART patients inject illicit drugs. 1, 12, 15 Thus, despite the increasing availability of ART, which is a life-saving therapy, HIV-related and all-cause mortality remain high among people who inject illicit drugs and are HIV+.
Studies in various countries, including Brazil, 16 Denmark 17 and the United States of America, 18 have shown that individuals on ART who become infected with HIV by injecting illicit drugs have a higher risk of death than those infected by other transmission routes. The lower uptake of ART and the poorer outcomes observed among HIV+ people who inject illicit drugs are thought to be attributable to a variety of factors, such as delays in starting treatment, poor adherence to ART, continuing drug dependence and a high prevalence of comorbidities, such as depression and hepatitis C. 19 Internationally, there is growing evidence that treatment of opioid dependence, such as methadone maintenance treatment (MMT), not only stabilizes drug dependence and its associated psychosocial conditions, but also promotes adherence to ART and improves virological responses among HIV+ people. 18, [20] [21] [22] [23] Although China's national ART and MMT programmes have been shown to benefit their respective target populations when assessed independently, 6, [9] [10] [11] 24, 25 the advantages of coincident ART and MMT for HIV+ people who inject opioids have not yet been examined in China, though they have Objective To examine the effect of methadone maintenance treatment (MMT) on mortality in people injecting opioids who receive antiretroviral therapy (ART) for the treatment of human immunodeficiency virus (HIV) infection in China. Methods The study involved a nationwide cohort of 23 813 HIV-positive (HIV+) people injecting opioids who received ART between 31 December 2002 and 31 December 2011. Mortality rates and demographic, disease and treatment characteristics were compared in patients who received either ART and MMT or ART only. Factors associated with mortality were identified by univariate and multivariate analysis. Findings Overall, 3057 deaths occurred during 41 959 person-years of follow-up (mortality: 7.3 per 100 person-years; 95% confidence interval, CI: 7.0-7.5). Mortality 6 months after starting ART was significantly lower with ART and MMT than with ART only (6.6 versus 16.9 per 100 person-years, respectively; P < 0.001). After 12 months, mortality was 3.7 and 7.4 per 100 person-years in the two groups, respectively (P < 0.001). Not having received MMT was an independent predictor of death (adjusted hazard ratio: 1.4; 95% CI: 1.3-1.6). Other predictors were a low haemoglobin level and a low CD4+ T-lymphocyte count at ART initiation and treatment at facilities other than infectious disease hospitals. Conclusion Patients would benefit more from both MMT and HIV treatment programmes and would face fewer barriers to care if crossreferrals between programmes were promoted and ART and MMT services were located together. been observed in other settings. 13, 20, 23, 26, 27 The aim of this study, therefore, was to determine whether MMT reduces mortality in HIV+ people who inject opioids and are receiving ART through China's national ART programme.
Methods
The 29 Criteria for enrolment in MMT have been described previously. 6 Programme guidelines suggest an initial methadone dose of no more than 50 mg per day for all patients, which is subsequently adjusted as appropriate. 30 Eligibility for inclusion in this study was simply having been enrolled in China's national ART programme at any time between 31 December 2002 and 31 December 2011. Individuals were excluded from the study if one of the following applied: (i) during medical or police registration, he or she reported acquiring an HIV infection through a transmission route other than opioid injection; (ii) ART had been received before the start of the study period; or (iii) the start date for ART was missing from the individual's records in the ART programme data system. Participants were divided into two subgroups depending on whether or not they had received MMT at any time during ART: the ART + MMT subgroup and the ART-only subgroup, respectively. Those who initiated and discontinued MMT before receiving ART were included in the ART-only subgroup. Active drug users were not identified separately in either subgroup.
Data collection
The data for this study were obtained from the real-time, web-based data system 31 of the Chinese National Center for AIDS/STD Control and Prevention, which contains three interlinked, but independently operated, data subsystems: (i) the ART-for-adults subsystem; (ii) the HIV/AIDS case reporting subsystem; and (iii) the MMT subsystem. All HIV+ individuals who met the appropriate eligibility criterion for ART described above 29 and who received ART via the national ART programme were registered in the ART-for-adults data subsystem. This subsystem contains identification and demographic data for all patients and detailed information on their ongoing clinical management and ART, including the drugs used, the doses administered and HIV viral load. 32 Staff at local Center for Disease Control and Prevention facilities track all individuals who have tested positive for HIV in China using the national HIV/AIDS case reporting data subsystem. Records created in this subsystem contain identification data, detailed demographic data and information on health status, health history and survival. 31 All opioiddependent individuals who take part in China's national MMT programme are registered and tracked in the MMT data subsystem. Client records contain identification and demographic data and are updated daily with information on methadone treatment. 6 Data on all individuals included in this study were initially obtained from the ART data subsystem. Then, that information was supplemented with data from the HIV/ AIDS case reporting subsystem. Finally, additional data were obtained from the MMT data subsystem on all study subjects with records in that subsystem. The data sets in each subsystem were linked using unique, national, 15-or 18-digit Chinese citizen identification numbers.
An intent-to-treat approach was adopted for exposure to both ART and MMT. Thus, subjects were regarded as having received ART or MMT if they had been given at least one dose of an ART drug or methadone, respectively, regardless of their level of adherence or treatment duration. All subjects included in the final study cohort were followed through the ART programme and the observation time was the time between the date of ART initiation and one of three outcomes: (i) the end of the study (i.e. the patient was still alive and receiving ART); (ii) death while on ART; or (iii) discontinuation of ART or loss to follow-up. A subject was categorized as having discontinued ART or being lost to follow-up if no follow-up data had been recorded for more than 3 months. However, although their records in the ART data subsystem were not up to date, these patients could still be tracked through the HIV/AIDS case reporting data subsystem for events such as death. The outcome of interest in the study was all-cause mortality.
Statistical analysis
Categorical variables are presented as numbers and percentages and continuous variables are described using medians and interquartile-ranges (IQRs). Statistical tests were not used to compare the characteristics of subgroups because the large sample sizes resulted in the detection of statistically significant differences that were probably not clinically meaningful. Rather, a difference greater than 5% between subgroups was considered meaningful. The observation time was presented in person-years. The mortality rate was calculated as the total number of deaths divided by the total observation time, both overall and in different study subpopulations. Risk factors for mortality were examined using Cox proportional hazards regression analysis. Factors identified as having a significant influence on mortality on univariate analysis (i.e. P < 0.05) and factors known to be clinically meaningful were included in multivariate regression models, from which adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were obtained. Although missing data are presented in the tables, all analyses were run using only cases for which data were complete. All P-values presented are two-sided and P < 0.05 was indicative of statistical significance. Differences in mortality rates over time were calculated by dividing the total number of subjects who died in each 6-month interval by the sum of the individual observation times for subjects followed up during the corresponding interval. All statistical analyses were performed using SAS v. 9.1.3 software (SAS Institute, Cary, United States of America).
Ethics approval
This study was reviewed and approved by the institutional review board of the National Center for AIDS/STD Control and Prevention, Chinese Center for Disease Control and Prevention. As all data included here were collected during the regular administration of China's national ART and MMT programmes and since all participants in these programmes provided signed informed consent at the time of enrolment, no further informed consent was sought.
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Results
The ART-for-adults data subsystem contained records on a total of 152 749 patients for the period from 31 December 2002 to 31 December 2011. Of these patients, 128 607 (84.2%) were excluded because their HIV infection was acquired through a route other than opioid injection. An additional 293 patients (< 0.1%) were excluded because they were not ART-naïve when they enrolled in the ART programme. Finally, 36 patients (< 0.1%) were excluded because the ART start date was missing from their records in the ARTfor-adults subsystem. Thus, the final cohort consisted of 23 813 HIV+ ART patients who injected opioids.
Of the 23 813 patients, 18 652 (78.3%) were assigned to the ART-only subgroup because they did not receive MMT during the study period. It should be noted that 906 patients in this subgroup had started and discontinued MMT before ART. The ART + MMT subgroup included 5161 participants (21.7% of 23 813) who had enrolled in both ART and MMT programmes concurrently at some time during the study period. Of this subgroup, 3335 (64.6% of 5161) were enrolled in the MMT programme before ART initiation: they had been in the MMT programme for a median of 1.20 years (IQR: 0.40-2.43) and had enrolled at a median age of 33.8 years (IQR: 30.3-37.8). An additional 669 patients (13.0% of 5161) began MMT less than 6 months after initiating ART and 1157 (22.4% of 5161) began MMT more than 6 months after ART.
As shown in Table 1 , the median age of participants in our study cohort was 34.0 years (IQR: 30.0-39.0 years). The majority were male (87.6%), Han Chinese (54.1%), had been educated to middle school level or higher (52.1%) and were married or cohabitating (54.1%). At the time of ART initiation (i.e. ART baseline), the median CD4+ cell count in study participants was 177.0 cells/µL (IQR: 80.0-264.0) and the median haemoglobin concentration was 13.4 g/dL (IQR: 11.5-15.0). A large proportion of patients (48.3%) were receiving a regimen that contained zidovudine, lamivudine, and nevirapine or efavirenz and 64.0% were being treated in a general hospital. By the end of the study, 16 321 patients (68.5%) were still alive and receiving ART, 3057 (12.8%) had died while still in the ART programme and 4435 (18.6%) had discontinued their ART regimen or were lost to follow-up.
Differences between subgroups
We observed several differences greater than 5% in demographic characteristics between the ART + MMT and ART-only subgroups (Table 1) . Compared with members of the ART-only subgroup, fewer patients in the ART + MMT subgroup belonged to an ethnic minority (28.6 versus 35.7%), had been educated to a primary school level or lower (27.1 versus 36.2%) and were married or cohabiting (45.2 versus 56.5%). In addition, the ART + MMT subgroup contained a greater proportion of patients with a CD4+ cell count above 200 cells/ µL at ART baseline (46.6 versus 40.2%) and a greater proportion who were being treated at the Center for Disease Control and Prevention clinics (19.5 versus 12.3%).
As shown in Table 2 , 3057 deaths were identified over 41 959 person-years of observation time, which corresponds to an overall mortality rate of 7.3 per 100 person-years (95% CI: 7.0-7.5) in our cohort of HIV+ people injecting opioids who received ART. The highest mortality rates were observed in individuals with a haemoglobin level below 9 g/ dL (17.5 per 100 person-years; 95% CI: 15.9-19.2) and those with a CD4+ cell count at ART baseline below 50 cells/ µL (12.0 per 100 person-years; 95% CI: 11.2-12.7). A total of 2519 deaths were identified over 30 558 person-years of observation time in our ART-only subgroup, which corresponds to a mortality rate of 8.2 per 100 person-years (95% CI: 7.9-8.6). By contrast, only 538 deaths occurred in 11 401 person-years of observation time in our ART + MMT subgroup, which corresponds to a mortality rate of 4.7 per 100 person-years (95% CI: 4.3-5.1). Fig. 1 shows the change in mortality rate over time in the two subgroups. At 6 months after ART baseline, mortality in the ART-only subgroup was over twofold greater than in the ART + MMT subgroup: 16.9 versus 6.6 per 100 person-years, respectively. The difference becomes smaller at 12 months (7.4 versus 3.7 per 100 person-years) and disappears thereafter.
Factors affecting survival
The results of the multivariate analysis carried out to identify risk factors for death among study participants are shown in Table 2 . Factors significantly associated with an increased risk of death include: older age; male sex; being single, divorced or widowed; a CD4+ cell count of 200 cells/μL or less at ART baseline; a baseline haemoglobin level of 12 g/dL or less; being treated at a Center for Disease Control and Prevention clinic; and not participating in the MMT programme.
Discussion
Our main finding is that MMT reduced the risk of death in HIV+ people injecting opioids who were receiving ART, particularly in the first 6 months of treatment: during this period, study participants receiving only ART had a mortality rate more than twice as high as those receiving ART and MMT (16.9 versus 6.6 per 100 person-years, respectively). The primary reasons for lower mortality in those receiving MMT are thought to be: (i) better adherence to the ART regimen due to regular, daily contact with health-care workers at methadone clinics; (ii) reduced active opioid injection; and (iii) the stabilizing effect of methadone on behaviour associated with opioid injection, which promotes social reintegration. These factors have already been well documented in a variety of settings. 14, 19, 20, [33] [34] [35] The literature also supports our finding that a low CD4+ cell count at the start of ART is a strong independent predictor of death. 10, 12 A low baseline CD4+ cell count, which indicates advanced immunosuppression, is a concern for all patients in China's national ART programme. 15 It is interesting to note that the median CD4+ cell count at ART baseline was higher in our ART + MMT subgroup than in the ARTonly subgroup (192 versus 172 cells/μL, respectively), though the difference was not large. This observation indicates that people who were injecting opioids and were engaged in the MMT programme often enrolled in the ART programme at an earlier stage of HIV infection. Thus, participation in China's national MMT programme may mitigate the increased risk of death in people injecting opioids in China. In addition, China's national MMT programme is helping these people to overcome the many barriers they face in engaging with and remaining in the ART programme. 12 Regular, often daily, interactions with health-care providers in the MMT programme: (i) promote the cessation of injecting drug use; (ii) increase adherence to the ART regimen; (iii) ensure regular monitoring of the CD4+ cell count; and (iv) increase opportunities for discussing treatment options, for managing medication side-effects and comorbid conditions and for psychosocial counselling. 20, 34, 36, 37 Thus, the higher CD4+ cell counts we found at ART baseline in patients receiving ART and MMT were not unexpected.
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Our finding that a low haemoglobin level at ART initiation is a strong predictor of death has also been reported previously in the literature. 38, 39 Anaemia is known to be an independent predictor of death and disease progression in patients with HIV/AIDS. [39] [40] [41] Because of the way China's healthcare system is structured, the national ART programme provides treatment for HIV infection through a variety of channels, such as hospitals specializing in infectious diseases, general hospitals and local Center for Disease Control and Prevention facilities. We found that the type of facility providing treatment was an independent predictor of death in HIV+ people injecting opioids who were receiving ART in China. This observation is consistent with the results of a previous study in China, which showed that the type of facility providing care for HIV+ patients was associated with their survival probability.
11 Although this previous study involved patients living in rural areas who were not injecting illicit drugs (as opposed to ours, which only included those who were injecting opioids in urban settings), it confirms that treatment outcomes vary in accordance with the type of facility. In the present study, mortality was lowest among patients treated at infectious disease hospitals. We believe this was probably because specialized doctors and staff with better training and more experience in providing ART were available, monitoring was more effective, and the facility was located in a better-equipped urban setting. Our study had several limitations. First, because it was a descriptive, observational study, no inferences about causality can be made. Second, although we attempted to reduce the influence of confounding variables by using multivariate analysis, there remains a risk of confounding by unmeasured variables. For example, seropositivity for hepatitis C virus and depressive symptoms are known to be poor prognostic factors for patients with HIV/AIDS and may have influenced our results. 19 Third, the categorization of ART recipients as opioid injectors was based on patients' self-reported history of opioid use at the time their HIV infection was detected. Hence, some participants may have been inappropriately excluded from our final cohort due to information bias. Fourth, the missing values for some variables in our data set could have resulted in an under-or overestimation of mortality rates and of the importance of associated risk factors. Finally, although ART and MMT providers follow guidelines published by the Chinese Ministry of Health, their clinical decisions are not standardized and may be influenced by, for example, the provider's potentially biased opinions about poor compliance among drug users. Despite these limitations, the generalizability and reproducibility of our findings are likely to be high because the study involved a large cohort of participants drawn from a national treatment programme.
In summary, our finding that ART and MMT had a joint beneficial effect on mortality in Chinese HIV+ people injecting opioids suggests that there is an urgent need for changes in ART and MMT programmes. Cross-referrals between these programmes should be encouraged so that a greater proportion of people who inject opioids can benefit from receiving the two treatments. An even better approach may be to house ART and MMT care services at the same location -a model that has already proved to be more effective worldwide, both clinically and in terms of cost.
14,23,27,42-44 The next step in reducing barriers to treatment and in improving poor outcomes in HIV+ people who inject illicit drugs in China should be to study the feasibility of integrating ART and MMT services. ■ на 100 человеко-лет; 95% доверительный интервал, ДИ: 7,0-7,5). Смертность спустя шесть месяцев после начала АРТ значительно снизилась при получении АРТ и МПТ по сравнению только с АРТ (6,6 против 16,9 на 100 человеко-лет соответственно; P < 0,001). Спустя 12 месяцев уровень смертности составлял 3,7 и 7,4 на 100 человеко-лет в двух группах соответственно (P < 0,001). Неполучение МПТ являлось независимым предиктором смерти (скорректированное соотношение рисков: 1,4; 95% ДИ: 1,3-1,6). Другими предикторами являлись низкий уровень гемоглобина и низкое количество CD4+ Т-лимфоцитов при проведении АРТ и лечении в учреждениях, отличных от инфекционных больниц. Вывод Для пациентов более благоприятны программы, сочетающие МПТ и ВИЧ-терапию, и при наличии перекрестного направления пациентов на программы и расположения служб АРТ и МПТ в одном помещении они сталкивались бы с меньшими препятствиями для лечения.
Resumen El tratamiento de mantenimiento con metadona en seropositivos que se inyectan opiáceos en China
Objetivo Examinar el efecto del tratamiento de mantenimiento con metadona (TMM) sobre la mortalidad de personas que se inyectan opiáceos y reciben una terapia antirretroviral (TAR) para tratar la infección del virus de la inmunodeficiencia humana (VIH) en China. Métodos El estudio incluyó una cohorte a nivel nacional de 23 813 personas seropositivas (VIH+) que se inyectaban opiáceos y que recibieron TAR entre el 31 de diciembre de 2002 y el 31 de diciembre de 2012. Se compararon las tasas de mortalidad y demografía, las características de las enfermedades y de los tratamientos con pacientes que recibieron TAR y TMM o sólo TAR y, por medio de análisis univariantes y multivariantes, se identificaron los factores asociados con la mortalidad. Resultados En total se produjeron 3057 fallecimientos durante los 41 959 años-persona de seguimiento (mortalidad: 7,3 por cada 100 años-persona; intervalo de confianza del 95%, CI: 7,0 -7,5). La mortalidad una vez transcurridos 6 meses después de iniciar la TAR fue notablemente inferior con TAR y TMM que sólo con TAR (6,6 frente a 16,9 por cada 100 años-persona, respectivamente; P < 0,001). Tras 12 meses, la mortalidad en los dos grupos fue de 3,7 y 7,4 por cada 100 años-persona, respectivamente (P < 0,001). No haber recibido TMM fue un factor predictivo de muerte independiente (índice de riesgo ajustado: 1,4; IC del 95%: 1,3-1,6). Otros factores predictivos fueron un nivel bajo de hemoglobina y un recuento bajo de linfocitos CD4+ al comenzar la TAR, así como llevar a cabo el tratamiento en centros que no fueran hospitales de enfermedades infecciosas. Conclusión Los pacientes podrían aprovechar mejor los programas de TMM y de tratamiento del VIH y no tendrían que hacer frente a tantas barreras para obtener el tratamiento si se promovieran las referencias cruzadas entre ambos programas y se ubicaran los servicios de TAR y TMM en el mismo lugar.
